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PUBLICATION THESIS OPTION 
This thesis has been prepared in the style utilized 
by the Philosophical Magazine. Pages 1 through 19 will 
be presented for publication in that journal. Appendices 
A, B, C, D, and E have been added for purposes normal 




This study was undertaken to resolve the conflict which 
has recently arisen as to the as-quenched microstructure in 
the Al-Zn system as revealed by thin film transmission 
electron microscopy. The composition range of most active 
study has been that from 5 to 15 atomic per cent Zn in 
superpurity Al. Consequently a composition of 10 atomic 
per cent Zn was chosen for this study. There are no 
discontinuties in the phase diagram in this composition 
range which would influence the above choice. It exists as 
a single phase solid solution at high temperatures and as 
a two phase alloy at lower temperatures. The vast majority 
of previous studies has been carried out with ordinary air 
for an annealing or solution treating atmosphere and with 
distilled water for a quenching media, so this study has 
followed this previously established practice such that the 
results of this study will be generally applicable to the 
treatment of previously generated data. In many of these 
previous studies the actual microstructure was not determined, 
rather a microstructure was assumed from indirect evidence 
or taken from previous work and the data generated interpret-
ed in light of this assumed microstructure. 
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QUENCHING DEFECTS IN AL + 10 ATOMIC % ZN 
By J. T. Grider 
Department of Metallurgical and Nuclear Engineering 
University of Missouri-Rolla, Rolla, Missouri, U.S.A. 
ABSTRACT 
Thin foils of aluminum + 10 at. % zinc have been pre-
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pared from quenched samples and their microstructure studied 
by transmission electron microscopy. The quenched micro-
structure is found to vary with the amount of "High Tempera-
ture Oxidation" which has taken place as well as the more 
common variables. The influence of the above is thought to 
be due to atomic hydrogen introduced into the alloy lattice 
by the reaction of water vapor with the aluminum at high 
temperature. The microstructure of samples not subjected 
to such attack is dominated by numerous circular helical 
dislocations and prismatic dislocation loops. The solute 
clustering process is observed to be influenced by, if not 
dependent on, a supersaturation of vacancies. 
1. INTRODUCTION 
The clustering process which takes place in the Al-Zn 
system on aging after quenching, i.e. the formation of pre-
precipitation or Guinier-Prestion (G. P.) zones, has been 
extensively studied in recent years. The most notable of 
these studies have been those of Panseri and Federighi 
(1960), Herman, Cohen and Fine (1963), and Ceresara and 
Federighi (1968) who have used resistometric methods to 
study the phenomenon. In order to make full use of the 
data gained by the above studies, it is necessary to have 
knowledge of the quench-induced microstructure so that the 
interactions of the clusters and the excess vacancies may 
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be evaluated properly. It is well known that the super-
saturation of vacancies, induced by quenching, is not always 
relieved simply by the annihilation of the excess vacancies 
at infinite sinks such as free surfaces or grain boundaries. 
Rather the excess vacancies may form self sinks within the 
grains of the alloy such as dislocation loops, or voids, or 
they may cause existing screw dislocations to climb into 
helical dislocations. During aging, the self sinks may 
give up vacancies such that a greater than equilibrium 
vacancy concentration is maintained throughout the process. 
Several studies have been undertaken, using transmission 
electron microscopy, to determine the quench-induced micro-
structures, distribution and type of quenching defects, in 
alloys of the range of composition of most interest, 5 to 
15 atomic per cent zinc. A conflict of results has become 
apparent with Thomas (1959) and Carpenter (1968) reporting 
one type of microstructure and Cohen, Kimball, Meshii and 
Rundman (1968) giving quite a different one. The conflict 
is centered around the formation of large dislocation loops 
and dislocation helices, with Thomas and Carpenter both 
reporting that such defects are formed during normal 
quenching and Cohen et al. claiming that they are not form-
ed during normal quenching, but only if the samples are 
"damaged" during or directly after the quench. With the 
above in mind the present investigation was undertaken to 
resolve the conflict in representative as-quenched micro-
structures in an alloy containing ten atomic per cent zinc 
by using the thin foil transmission electron microscope. 
2. EXPERIMENTAL 
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The alloy used in this investigation was super purity 
aluminum containing 9.87 atomic per cent zinc. The original 
ingot was prepared by melting in a helium atmosphere and 
casting into a mold within the atmosphere furnace such that 
the ingot was not exposed to the normal atmosphere until it 
had reached ambient temperature. Thin sheets were prepared 
from the ingot by several stages of cold rolling with inter-
mediate anneals. The quenching experiments were carried 
out by dropping specimens directly into water from a vertical 
tube furnace after holding for one hour at 350°C and one 
hour at the quenching temperature, 500°C. The 350°C pre-
solution-treating anneal was used to prevent grain boundary 
melting by homogenizing the alloy below the eutectic tempera-
ture, to remove any zinc solid solution. Some measure of 
atmospheric control in the laboratory was obtained by the 
use of a refrigerated coil dehumidifier, no other control 
was attempted. Thin foils suitable for transmission 
electron microscopy were prepared by electro-polishing using 
the basic window method. 
The specimens were examined in a Hitachi HU 11-A 
Electron Microscope operating at 100 kv with instrumental 
magnifications of X 16 000 and X 35 000. Specimens were 
mounted in a tilt-rotation stage so that the foils could 
be tilted to obtain maximum dislocation contrast. Selected 
area diffraction patterns were also taken in an attempt to 
establish crystallographic orientations. 
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3. RESULTS 
Extreme difficulty was encountered in the preparation 
of thin foils for examination in the electron microscope. 
The first samples were very brittle and showed pronounced 
preferential grain boundary attack during thinning. Under 
an optical microscope, it was noted that the microstructure 
of these samples was very similar to that of commercial 
aluminum alloys which had been subjected to the phenomenon 
known as "High Temperature Oxidation" (H.T.O.) as described 
by Hunsicker (1967). In cases such as this, the suggested 
action is to lower the water vapor content of the annealing 
or heat treating furnace atmosphere. By taking advantage 
of favorable atmospheric conditions and a dehumidifier, it 
was possible to lower the water vapor content of the air in 
the laboratory so that various degrees of attack were pro-
duced. 
Under the electron microscope the samples which exhibit-
ed rather severe H.T.O. were found to have a microstructure 
very similar to that reported by Cohen et al. in the limit-
ed areas which could be viewed. By lowering the water 
vapor content of the heat treating furnace atmosphere to 
the vicinity of 50% of saturation, reduced to ambient 
conditions, i.e. relative humidity, it was possible to 
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obtain samples which were much easier to prepare for electron 
microscope examination and that showed much less tendency 
for preferential grain boundary attack during electrothin-
ning. These samples had a quite different microstructure 
under the electron microscope from the previous samples. 
This microstructure was much like that reported by Thomas 
and by Carpenter in that fairly large dislocation loops 
were much in evidence as were some segmented helical dis-
locations, Plate l. Various quenching rates were not found 
to influence these microstructures to any great extent. 
By lowering the water vapor content of the furnace 
atmosphere still farther, below 45% relative humidity at 
ambient conditions, it was found that a much different micro-
structure resulted on quenching than has been previously 
reported for the Al-Zn system. This structure is quite 
similar to the structures obtained in other concentrated 
aluminum alloys. This can be seen by comparing Plates 2 
through 6 of this paper with photomicrographs of the Al-Mg 
system (Eikum 1963), (Eikum and Thomas 1964). As can be 
seen in the present set of micrographs, the predominate de-
fects in the Al-Zn system are large dislocation loops and 
large helical dislocations as would be expected in any 
concentrated aluminum alloy. 
The loops vary in size from about 700A in diameter to 
about l500A in diameter. They are prismatic in nature, by 
the criteria of Lorretto (1970), and are often observed to 
lie in either single or double coaxial rows, Plates 2 and 
3. Many of these rows end in a helical dislocation of 
about the same diameter as the loops in the row, Plate 4. 
The axis of a row of loops can be shown to lie in one of 
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the [110] directions. The normal to the plane of a loop lies 
at an angle of about 35° to the axis of the row of loops, 
i.e. the loops lie on (lll) planes and the axis is in a 
[110] direction. In some cases it is observed that loops 
of large diameter appear to be breaking down into two loops 
of approximately half the original diameter, Plate 5. 
The helices are circular rather than segmented as dis-
cussed by Segall and Shoaib (1970) and are usually either 
about 700~ or 1500~ in diameter, although some in slow 
quenches, such as Plate 6, are somewhat larger. The quenches 
into ambient temperature water, all Plates except 6, give 
helices which are seldom longer than 5000~ while the slower 
quenches, into 85°C water, give helices as long as 50000 to 
60000A, Plate 6. Differences in diameter are minimal al-
though the helices formed during slower quenches do tend to 
be somewhat larger. The helices have Burgers' vectors of 
a/2 [110] and the axes are roughly in the [110] directions. 
The precipitates which are seen to form a background 
in the photomicrographs are the result of beam heating. It 
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seems to be common practice to call these fine precipitates 
G. P. zones, (Carpenter 1968), (Cohen, et al. 1968), although 
there is some question as to the validity of this designation, 
(Clark 1971) . Samples which were aged at room temperature 
for up to 30 days were not observed to contain resolvable 
G. P. zones until they had been under the influence of the 
beam for a few minutes. The longer the room temperature 
aging, the shorter the time for the appearance of the first 
G. P. zones due to beam heating. These first G. P. zones 
can be assumed to be greater than 25~ in diameter when first 
observed since this is approximately the limit of resolution 
of the microscope at this magnification. It should be noted 
that there are denuded_.~qnes around most of the helices 
and rows of loops. These denuded zones extend from about 
0 1000 to 2000A from the helices or rows of loops. No pre-
cipitation was noted on the various line defects nor within 
the "core" of the helices or rows of loops even after aging 
at elevated temperatures, although aging for extended times 
might cause some precipitation. Such aging often resulted 
in surface precipitation in samples without regard to whether 
they were aged in bulk or as thin foils making such studies 
very difficult. There was some precipitation at the grain 
boundaries in even the most drastically quenched samples 
and this precipitation seemed to be formed during the quench-
ing, because low temperature storage, at the temperature 
of dry ice, of the samples did not prevent or even inhibit 
it to any measurable extent. 
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4. DISCUSSION 
It is evident from the results of this study that the 
degree to which a sample has been subjected to H.T.O. 
directly influences the microstructure induced by the 
quenching of the sample. Although the phenomenon is called 
"oxidation", current theory attributes it to the reaction of 
water vapor with aluminum at high temperature and the con-
sequent release of atomic hydrogen, some of which diffuses 
into the aluminum lattice. This atomic hydrogen may then 
recombine, at grain boundaries and other sinks to give 
voids and bubbles, or it may influence the other features 
of the microstructure, as it evidently does in this case. 
Since hydrogen seems to play such an important part in the 
formation of quenching defects it would, perhaps, be best 
to disregard any data gained from samples which exhibit H.T.O. 
although no aluminum sample is ever completely hydrogen free. 
The exact mechanism by which hydrogen influences the 
quench induced microstructure is difficult to establish. In 
those cases where the attack is pronounced, the formation 
of bubbles of recombined hydrogen is undoubtedly accompanied 
by amounts of plastic deformation which will influence the 
observed microstructure to an appreciable extent. Segall 
and Shoaib (1970) have reported that deformation of pure Al 
during quenching results in the formation of segmented 
helical dislocations. The formation of segmented helices in 
the present alloy may well be due to a similar mechanism. 
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The atomic hydrogen, as well as the recombined hydrogen, 
can influence quenching defects by combining with vacancies 
or impurity atoms and hampering their motion or by migration 
to dislocations and pinning them. Hydrogen atoms or small 
bubbles of recombined hydrogen might also act as nucleation 
sites for the precipitation of vacancies thus favoring 
the formation of many small dislocation loops or small 
voids. Cases such as this have been observed in thses 
samples, especially those annealed in a medium humidity 
atmosphere. 
The observed stability of the quenching defects in this 
system, on aging, is quite likely due in some measure to 
the influence of hydrogen. The hydrogen would tend to migrate 
to sinks such as dislocation loops and once there would create 
a "back-pressure" opposing the annealing out of such defects. 
The generally observed deviations from predicted behavior 
by climbing dislocation loops at very small sizes in Al alloys 
may well be due to the above influence, (Dobson, et al. 1968). 
It could not be expected, nor is it observed, that the Al-
Zn system is the only Al alloy system subject to H.T.O. 
Studies undertaken in very humid climates are especially 
open to criticism if annealing or solution treating was per-
formed in air. 
The appearance of G. P. zones on aging of the quenched 
alloy at 50°C, beam heat, and the marked absence of G. P. 
zones in areas around the helices and rows of loops give 
rise to an interesting line of thought. Since there appears 
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to be no precipitation on the defects themselves, it would 
be unlikely that solute depletion of the matrix could be 
advanced as a plausible reason for the existence of the 
denuded zones. It is generally considered that the formation 
of helical dislocations is by the vacancy induced climb 
of screw dislocations and that these helices can break down 
into rows of loops, (Eikum 1963). This mode of formation 
would give a vacancy depleted region around these defects 
and we are led to the conclusion, as previously advanced by 
Cohen et al. (1969), that the clustering process in the 
Al-Zn system is dependent on a supersaturation of vacancies 
or, at least, is greatly enhanced by such a supersaturation. 
It might be argued that the effect of vacancy depletion 
is simply to slow diffusion so that the clusters or G. P. 
zones do not reach resolvable size as quickly as those in a 
region containing a supersaturation of vacancies. In this 
case, long term low temperature aging should result in 
resolvable G. P. zones in the previously denuded zones. As 
has been previously stated, this does not seem to be the case. 
It appears that a supersaturation of vacancies is necessary 
for the formation of G. P. zones and does not simply enhance 
their growth. It should be noted that although results 
such as the above are indicative of a vacancy dependence in 
the clustering process, they are not completely definitive. 
In order to establish the existence of such an effect, it 
is necessary to introduce vacancies in known concentrations 
to regions where a Zn supersaturation exists and a vacancy 
supersaturation does not. Neutron irradiation of quenched 
and aged samples and observation of changes in the denuded 
zones around defects may generate the required data. 
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It should be noted here that the previously established 
rules for the formation of helical dislocations on the 
quenching of Al alloys (Thomas 1959) are obviously in error. 
These rules specifically exclude the Al-Zn system due to 
the low binding energy of a Zn atom and a vacancy. If the 
measured binding energy (Panseri and Federighi 1960) is 
correct, the present study clearly shows the solute-
vacancy binding has little or nothing to do with the forma-
tion of quenching defects in Al alloys. In the previous 
studies, a hydrogen contamination effect has been mistaken 
for such a binding energy effect. 
5. CONCLUSIONS 
The following conclusions have been drawn from the 
results discussed in the previous sections. 
(l) The quench induced microstructure of Al + 10 at. % 
Zn is profoundly influenced by the hydrogen content of the 
samples. Due to the lack of control of this important 
variable, many previous experiments are probably in error. 
(2) The clustering process in this alloy is connected 
with the supersaturation of vacancies in some manner. 
(3) An attraction between the solute atoms and vacancies 
is not necessary for the formation of helical dislocations. 
(4) The helical dislocations in Al + Zn are circular 
12 
rather than segmented in samples with lower hydrogen con-
tamination. 
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Plate 1 
Segmented helix in sample solution treated in a medium 
humidity atmosphere at 500°C and quenched into 




Dislocation loops and rows of dislocation loops in a sample 
solution treated in a low humidity atmosphere at 500°C 
and quenched into R. T. H2o. X 52 500. 
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Plate 3 
Dislocation loops and helical dislocations in a sample 
solution treated in a low humidity atmosphere at 500°C 
and quenched into R. T. H2o. Note the glide loop 
in right center showing the climb of screw segments 
~y,. ..... -..:-· -· · ....... _ ............ ,._ --- ......., .......... -...... ~ ... ___ _ _,., .... .. ;.::.. .. .._ .. ·o.J· .... 
~nto tightly wound helices. 
---................. ""nonoo--·- ·- . ~ ,. 
X 52 500. 
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Plate 4 
Helix ending in a row of loops in a sample solution treated 
in a low humidity atmosphere at 500°C and quenched 
into R. T. H20. X 52 500. 
Plate 5 
Small double loops, large single loops, and small helices 
in a sample solution treated in a low humidity 
atmosphere at 500°C and quenched into R. T. H2o. 




Extremely .large helical dislocations in a sample solution 
treated in a low humidity atmosphere at 500°C, quenched 
into 84°C Si-Oil, and held in the quench bath for 3.04 
minutes. Note that the lower helix has been broken 
down by an interaction with the surface. X 27 000. 
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ESTABLISHMENT OF CRYSTALLOGRAPHIC RELATIONSHIPS 
Although the exact establishment of the various 
relationships between the crystallographic directions, 
planes and spacings and the defects produced by quenching 
is not absolutely necessary to the purpose of this study, 
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an attempt has been made to do so using the technique of 
Selected Area Diffraction (S.A.D.). There have been several 
excellent review articles on S.A.D. but in this case those 
of Thomas (1964) and Feltner and Sefton (1964) were followed. 
It took only a preliminary study to show that, in the case 
of the circular helical dislocations in Al-Zn, S.A.D. 
techniques were not highly reliable in determining the 
Burgers' Vectors. A rather simple approach was used. General 
diffraction patterns were taken and then the samples were 
tilted and rotated such that the defect's contrast was due 
to a single diffracted beam, i.e. the two beam case. It was 
assumed that when the defect disappears, still in the two 
beam case, .that 
(g • b) = 0 
where: 
g = The reciprocal lattice vector of the diffracted 
beam Laue spot. 
b = Burgers' Vector. 
and that where 
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the defect is visible in the election microscope. 
If the above is done correctly, one can compare the 
experimental data with tabulated data in the previously 
mentioned papers and establish the Burgers' Vector exactly 
if enough data has been generated experimentally or in the 
case it has not, establish the type of Burgers' Vector, 
i.e. a/2 [110], a/3 [111], etc. In this case many of the 
studies appeared to show that the helices did not have a 
Burgers' Vector of either a/2 [110] or a/3 [lll]! This is 
impossible in fcc metals (Lorretto 1970). The most obvious 
possible error in this type of calculation or study is the 
lack of a real two beam case. Since it appeared that 
realizing such a perfect set of diffraction conditions, us-
ing the standard tilt-rotation stage on the electron micro-
scope, was quite d~fficult, it was decided, in the interests 
of time conservation, to use a comparative technique instead 
of S.A.D. 
In a comparative technique such as this, some "well 
known" defect or defect structure must be selected and the 
"unknown" defect compared to ~t, with as little use of 
diffraction data as possible. In the present case it was 
poss~ble, using the minimum size criteria for the appearance 
of stacking fault fringes in dislocation loops (Lorrett 
1970) , to establish that the dislocation loops in the photo-
micrographs are prismatic in nature and are, therefore, 
"well known" features. These defects lie on [lll] planes 
and have Burgers' Vectors of the a/2 [110] type. From the 
angles which the planes of the dislocation loops in rows 
make with their own axis and that of the helices, which is 
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a common axis, it was quickly established that these axes 
are in one of the [110] directions. Which particular [110] 
direction can not be established by this method. By select-
ing helices and rows of loops which have the same [110] 
direction connected with their axes, it is possible to com-
pare Burgers' Vectors. If the defects go in and out of con-
trast at the same time when the sample is tilted, no matter 
if a two beam case is achieved or not, it can be assumed 
that the Burgers' Vectors are equal. In this particular 
case it was observed that this did occur, therefore the 
Burgers' Vectors are of the a/2 [110] type. While this 
method does not yield the detailed data that S.A.D. does, 
it appears to be somewhat more reliable in the present case. 
One may, if he wishes, after determining the type of Burgers' 
Vector, then go back to the diffraction patterns and narrow 
the choice of Burgers' Vectors down to two possible choices, 
one positive and one negative. This does not appear to 
be of great importance in this case as the helices are ob-
served to lie in most of the <110> directions, in bulk 
material probably in all <110> directions. 
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APPENDIX B 
THIN FILM PREPARATION 
In order to get transmission of 100 kv electrons, foils 
of the samples must be prepared which are no more than about 
SOOOA thick at a maximum in the areas of interest. Tradi-
tionally foils of this thickness are prepared by electro-
polishing thin sheet by what is called the "basic window 
method" in electrolytes of suitable composition for the 
material under consideration, (Brammar and Dewey 1966). 
While the basic window method, masking the edges of a small 
sheet with a stop-off lacquer and thinning from both sides, 
was found to be an acceptable technique for the preparation 
of foils of Al-Zn, it was found that the electrolytes usual-
ly recommended for this alloy system did not give consistent-
ly good results, thus it became necessary to develop a new 
thinning process. This process is a two stage anodic 
electrolytic process which alleviates the problems of surface 
precipitation and preferential attack of Zn in the thin foils 
and is relatively insensitive to minor variatations in com-
position. The process is outlined below. 
Stage I: 
Electrolyte - 10% (Vol.) Perchloric Acid 
90% Acetic Anhydride 
1 gm. of Al + 10 at. % Zn/1. 
Temperatuer - -40°C 





- 1 hour or until the surface begins 
to cloud. 
Agitation - Light 
Special 
Conditions - The relative humidity of the atmosphere 
over the bath should be reduced as far 
as possible. 
Potentially EXPLOSIVE MIXTURE. 
Stage II: 
Electrolyte- 20% (Vol.) Perchloric Acid 
80% Absolute Ethyl Alcohol 
Temperature - -40°C 
Voltage - 25V D.C. 
Cathode - Al 
Time - Until perforation 
Agitation - Light 
Special 
Conditions - Potentially EXPLOSIVE MIXTURE 
Wash - Absolute Ethyl Alcohol 
The specimens for the electron microscope were cut from 
the thinned sheet with a new steel scapel under absolute 
ethyl alcohol in a glass dish. During cutting a rocking 




CRYSTAL ORIENTATION DEPENDENCE 
The orientation of the crystal, i.e. grain, with respect 
to the free or oxidized surface during annealing, quenching, 
and observation in the electron microscope has been found 
to influence the microstructure of Al and Al alloys through 
several different mechanisms. These mechanisms are: 
1.) The absorption of hydrogen and the consequent 
tendency to crack and blister is dependent on the crystal-
lographic plane which forms the absorbing surface, (Milacek 
and Daniels 1969). 
2.) The orientation of dislocations in the near 
surface area, the entire foil in thin film transmission 
electron microscopy, is influenced by the image forces on 
the dislocations. These image forces are dependent on the 
orientation of the surface and the consequent orientation 
which the dislocations tend toward will be either screw or 
edge depending on the direction with respect to the crystal-
lographic plane forming the surface that the dislocations lie 
along, (Anthony 1970). 
3.) The orientation of the free surface will also in-
fluence the mode and rate of oxidation of that free surface, 
(Anthony 1970), (Beck, Heine, Caule, and Pryor 1967). 
In all of the investigations of microstructure cited in 
this thesis and in the present investigation, the possibility 
that some preferred orientation or texture has been developed 
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during sample preparation must be considered in the light 
of the above mechanisms and processes. It is apparent that 
samples prepared by rolling sheet from cast ingots, as is 
usually done, probably would be quite different from samples 
prepared by cutting sheet from ingots and so on. In any 
study, such as this, the method of sample preparation is 
very important and, unfortunately, not always stated in 
publications. The method used in this particular case 
probably results in a (llO) [112] rolling texture being 
formed. 
It should be noted that mechanism number 2 is important 
in the observation of defects as well as in the production 
or formation of defects. It is quite possible that this 
mechanism may alter the microstructure in the thin foils 
causing appreciable differences between the observed micro-
structure and the microstructure of the bulk samples. It 
was noted during the present study that the axes of the 
helical dislocations are always parallel to the surface. 
Those which were not are probably destroyed during thinning 
by the interaction of the dislocations with the surfaces. 
APPENDIX D 
OXIDATION OF AL AND AL-ZN ALLOYS 
The mode of oxidation is important in a study such as 
this because of the profound influence that the oxide coat 
and products of oxidation can have on the quench induced 
microstructure. The mode of oxidation may influence the 
quenched microstructure in several ways, but first let us 
consider the oxidation process in Al and Al alloys as it 
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is presently understood. The initial oxide layer on a sample 
may be assumed to be a thin layer of amorphous Al 2o 3 com-
pletely covering the surface. This layer will seldom 
0 
exceed 50 to lOOA in thickness if the sample has not been 
subjected to high temperatures in oxidizing atmospheres. 
By drawing an analogy between pure Al and Al alloys, with 
special reference to alloying element effects when necessary, 
we may proceed with the discussion of the general oxidation 
process. 
On heating, up to about 350 to 400°C, the Al ions dif-
fuse through the amorphous Al 2o3 layer, from the bulk material, 
to react with o2 or H2o, from the atmosphere, on the oxide-
gas interface and add to the thickness of the amorphous oxide 
layer, (Beck, et al. 1967). The action of the alloying 
elements during this process is in question, (Dobson, 
Kritzinger, and Smallman 1968). The alloying elements may 
either preferentially diffuse through the amorphous oxide 
layer and be oxidized at the oxide-gas interface or they may 
30 
remain relatively immobile in the interior of the bulk 
material. This action of the alloying element depends, of 
course, on the diffusion coefficient of that metal ion in 
amorphous Al 2o 3 and, apparently, on some "attractive force" 
which pulls the alloying element to the metal-oxide interface. 
It is generally considered that Mg is preferentially oxidized 
at the surface while Zn is not, (Forsvoll and Foss 1967}. 
Some dislocation loop annealing studies confirm the above, 
(Dobson, et al. 1968), and some tend to show that Zn acts in 
a manner similar to Mg, (Carpenter 1968}. Studies of High 
Temperature Oxidation also tend to show that Zn is pre-
ferentially oxidized, (Hunsicker 1967). 
When the temperature at which the material is being 
oxidized reaches the neighborhood of 500°C, crystalline Al 2o3 
is nucleated and begins to grow. This oxide, with a dis-
torted fcc lattice, nucleates at the metal-amorphous oxide 
interface and rapidly reaches a terminal thickness. The 
crystallites then grow radially, parallel to the metal-
amorphous oxide interface, until they impinge, (Beck, et al. 
1967). The crystallographic plane which forms the interface 
influences the formation of the Al 2o 3 crystals, in that in 
the case of some crystallographic planes the oxide will be 
polycrystalline while in the case of other planes, the oxide 
will tend toward a single crystal completely covering the 
face of the sample, (Anthony 1970). The growth of the 
crystalline Al 2o 3 is believed to be by the migration of 
oxygen ions through the amorphous Al 2o3 to the metal-oxide 
interface or by o2 through cracks in the amorphous Al 2o3 , 
with the diffusional migration considered most likely 
(Anthony 1970) . 
Now let us consider the influence that the above pro-
cesses can have on microstructure in the base material. 
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First is the direct influence of a surface layer on disloca-
tions and other lattice imperfections. A free surface is 
a site at which dislocations, vacancies, and interstitials 
can be annihilated, while an oxidized surface may or may 
not be such a site. In the case of dislocations the surface's 
influence is through image forces on the dislocations, 
(Weeks 1968). While this image force's dependence on the 
surface layer, if a layer exists, is not completely clear, 
it is clear that such a dependence does exist. 
Secondly, and perhaps most obviously, is the effect of 
the constraint of the sample during quenching by the hard 
oxide coat. It is quite possible that dislocations could 
be generated in the near surface regions of the quenched 
sample due to the drastic differential thermal contraction 
during rapid cooling. The metal attempts to effect a rapid 
contraction while the oxide is hardly affected by the rapid 
change in temperature. It is likely that the oxide can 
influence the microstructure in other ways also. However, 
at this point this is mainly conjecture. 
The microstructure of Al and Al alloys, especially Al-
Zn and Al-Mg alloys, can be grossly affected by the phenomenon 
known as High Temperature Oxidation (H.T.O.). This process, 
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while not completely an oxidation process, is included here 
because oxidation is involved, perhaps somewhat indirectly 
but involved. H.T.O. is the process by which atomic hydrogen 
is introduced into the Al lattice by the reaction: 
2Al + 3 H2o = Al 2o 3 + 6H, 
with the result that hydrogen migrates to grain boundaries 
and other lattice imperfections and recombines to give 
bubbles and blisters, (Stroup 1941), (Fritzlen 1971). The 
reaction is enhanced by certain alloying elements in Al and 
by certain contaminants in the heat treating furnace 
atmosphere. Apparently Zn enhances the reaction to the 
greatest extent with Mg coming next in effect, perhaps follow-
ed by Cu although this is uncertain. Sulphur compounds, 
probably so 2 or H2S, appear to catalyze the reaction. These 
can be generated by decomposing oil in hot air atmospheres. 
The reaction also depends on temperature and partial pressure 
of water vapor in a manner such that below certain critical 
values, the process does not seem to take place to any 
appreciable extent. These values seem to be only slightly 
below normal operating conditions in an experiment of this 
sort, i.e. temperatures of around 500°C and relative 
humidities of around 50% at ambient conditions. It is to 
be expected that hydrogen in the lattice would influence 
the formation of quenching defects and it is certain that 
blisters will greatly influence such defect formation. 
Although the oxidation process of Al alloys is not 
well understood, the process as it is conceived to be in 
A1-Zn, by this author, is shown in Fig. 1. The reactions 
occuring at the various points of the figure are: 
At (1) 4 A1 + 3 02 = 2 Al 2o3 ••••....••.• (I) 
At (1) 2 A1 + 3 H20 = A1 2o3 + 6 H .••.•.. (II) 
At (2)-(3) 2 A1 + 3 0 = A1 2o3 •••••.••••••.•• (III) 
At (2)-(3) Zn + 0 = ZnO •••••••••..•••••.•••• (IV) 










HEAT TREATING CYCLE 
In order to insure a homogeneous solid solution being 
formed at the solution treating temperature in Al-Zn alloys, 
it is necessary to take extra precautions which are not 
normally taken in studies of this sort. It is well known 
that there 1s a tendency for Zn to segregate to the grain 
boundaries in these alloys, (Thomas 1959). The possibility 
that a eutectic or near eutectic composition is formed in 
the vicinity of the grain boundaries by the tendency to 
segregate, can not be ignored. If such compositional areas 
do exist and the material is taken directly to some high 
temperature 1n the solid solution range, there is a distinct 
possibility of melting in the grain boundary regions. Grain 
boundary melting will certainly give inferior and unrepre-
sentative samples in a quenching study. In this system 
there is also the distinct possibility of accelerated at-
mospheric attack in the liquid regions with a consequent 
formation of hydrogen bubbles along the grain boundaries. 
In order to alleviate or circumvent the above problem, 
the samples, in the present study, were given a low 
temperature homogenizing treatment before raising the 
temperature to the final solution treating temperature. 
The temperature for this first step was selected such that 
it was in the single phase region but below the Al-Zn 
eutectic temperature. 
The entire heat treating scheme is shown in Fig. 2 






















The heat treating cycle for Al-Zn alloys. 
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